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ELECTRIC PARTS DRIVE CIRCUIT 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

5 The present invention relates to a drive circuit of an 

electric part such as a solenoid, for example, and in particular 
to an improvement in an electric parts drive circuit wherein 
between a plus line to be connected to the plus terminal of 
a battery and an electric part, a first field-effect transistor 

10 including in parallel a first parasitic diode for allowing an 
electric current flow into the plus line and a second 
field-effect transistor for reverse connection protection 
including in parallel a second parasitic diode for allowing 
an electric current flow from the first field-effect transistor 

15 into the electric part are connected in series in order from 
the plus line to the electric part and a third field-effect 
transistor including in parallel a third parasitic diode for 
allowing an electric current flow into the electric part is 
provided between a minus line to be connected to the minus 

20 terminal of the battery and the electric part. 

2. Description of the Related Art 

For example, in a drive circuit for driving an 
electromagnetic valve used with a brake fluid pressure 
controller for a vehicle in a related art, a field-effect 
25 transistor 5 for fail safe, a solenoid 1 of the electromagnetic 


1 


< 


valve, and a field-effect transistor 9 for switching the solenoid 
1 between energization and shutof f are connected between both 
terminals of abattery 2, as shown in FIG . 3. However, aparasitic 
diode 6, 10 for blocking an electric current flow from the plus 
5 terminal of the battery 2 is connected in parallel with the 
field-effect transistor 5, 9. Thus, with the circuit 
configuration intact, at the reverse connection time of the 
battery 2, an undesirable electric current flows into the 
solenoid 1 and the electromagnetic valve erroneously operates . 
10 Then, it is a common practice to place a field-effect transistor 
7 for reverse connection protection including in parallel a 
parasitic diode 8 for allowing an electric current flow from 
the plus terminal of the battery 2 to the solenoid 1 between 
the field-effect transistor 5 for fail safe and the solenoid 
15 1 . 

By the way, the field-effect transistor 7 for reverse 
connection protection also has the possibility of a failure. 
Although the failure is to be detected, if the field-effect 
transistor 7 fails in the on state, an electric current flows 

20 through the failing field-effect transistor 7 into the solenoid 
1; if the field-effect transistor 7 fails in the off state, 
an electric current flows through the parasitic diode 8 into 
the solenoid 1. Thus, in the electric parts drive circuit in 
the related art, it is difficult to diagnose the failure of 

25 the field-effect transistor 7 .for reverse connection 
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protection . 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
5 provide an electric parts drive circuit for making it possible 
to diagnose a failure of a field-effect transistor for reverse 
connection protection regardless of whether the field-effect 
transistor is on or off. 

To the end, according to a first aspect of the present 

10 invention, there is provided an electric parts drive circuit 
having: a first field-effect transistor including in parallel 
a first parasitic diode for allowing an electric current flow 
into aplus line andprovidedbetween the plus line to be'connected 
to a plus terminal of a battery and an electric part; a second 

15 field-effect transistor for reverse connection protection 
including in parallel a second parasitic diode for allowing 
an electric current flow from the first field-effect transistor 
into the electric part, the first field-effect transistor and 
the second field-effect transistor being connected in series 

20 in order from the plus line to the electric part; a third 
field-effect transistor including inparallel a third parasitic 
diode for allowing an electric current flow into the electric 
part and provided between a minus line to be connected to a 
minus terminal of the battery and the electric part; a failure 

25 diagnosis switch unit for switching between conduction and 
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shutoff between a drain of the second field-effect transistor 
and the plus terminal of the battery; and a switch control unit 
for controlling switching between conduction and shutoff of 
the first to third field-effect transistors and the failure 
5 diagnosis switch unit, wherein the switch control unit diagnoses 
a failure of the second field-effect transistor based on the 
voltage between the first and second field-effect transistors 
responsive to switching between conduction and shutoff of the 
second field-effect transistor in a state that the first and 

10 third field-effect transistors are shut off and the failure 
diagnosis switch unit is brought into conduction. 

According to a second aspect of the present invention, 
there is provided the electric parts drive circuit as set forth 
in the first aspect, wherein the failure diagnosis switch unit 

15 includes: a PNP transistor having a connector connected via 
a resistor between the plus terminal of the battery and the 
drain of the second field-effect transistor; second resistors 
and an NPN transistor connected in series between the plus 
terminal of the battery and ground; and third resistors connected 

20 in series between the switch control unit and ground, wherein 
the connection point of the second resistors is connected to 
the base of the PNP transistor and the connection point of the 
third resistors is connected to the base of the NPN transistor. 
According to a third aspect of the present invention, 

25 there is provided the electric parts drive circuit as set forth 
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in the first aspect, wherein the electric part is a solenoid 
in an electromagnetic valve of a brake fluid pressure controller 
for a vehicle. 

According to the configuration, when the failure 
5 diagnosis switch unit is brought into conduction with the first 
and third field-effect transistors shut off for making is 
possible to supply electric power from the battery to the drain 
of the second field-effect transistor, if the second 
field-effect transistor is off and fails, even if the switch 

10 control unit outputs a signal for switching the second 
field-effect transistor between conduction and shutoff, the 
voltage between the first and second field-effect transistors 
remains low . If the second field-effect transistor is on and 
fails, even if the switch control unit outputs a signal for 

15 switching the second field-effect transistor between 
conduction and shutoff, the voltage between the first and second 
field-effect transistors remains high. Therefore, if the 
second field-effect transistor for reverse connection 
protection fails regardless of the on or off state, the failure 

20 of the second field-effect transistor can be diagnosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram to show the configuration of an electric 
parts drive circuit; 
25 FIG. 2 is a timing chart at the failure diagnosis time; 
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and 

FIG . 3 is a diagram to show the configuration of an electric 
parts drive circuit in a related art. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, there is shown 
a preferred embodiment of the present invention. 

FIGS . 1 and 2 show one embodiment of the present invention; 
FIG. 1 is a diagram to show the configuration of an electric 
10 parts drive circuit and FIG. 2 is a timing chart at the failure 

diagnosis time. 

To begin with, in FIG. 1, a solenoid 1 as an electric 
part is included in an electromagnetic valve of a brake fluid 
pressure controller for a vehicle, for example . Between a plus 
15 line 3 to be connected to the plus terminal of abattery 2 installed 
in a vehicle and the solenoid 1, a first field-effect transistor 
5 for fail safe and a second field-effect transistor 7 for reverse 
connection protection are connected in series in order from 
the plus line 3 to the solenoid 1. The first field-effect 
20 transistor 5 includes in parallel a first parasitic diode 6 
for allowing an electric current flow from the second 
field-effect transistor 7 for reverse connection protection 
into the plus line 3, and the second field-effect transistor 
7 for reverse connectionprotection includes in parallel a second 
25 parasitic diode 8 for allowing an electric current flow from 
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the first field-effect transistor 5 into the solenoid 1. 

A third field-effect transistor 9 for switching the 
solenoid 1 between energization and shutof f is provided between 
a minus line 4 to be connected to the minus terminal of the 
battery 2 and the solenoid 1 and includes in parallel a third 
parasitic diode 10 for allowing an electric current flow from 
the minus line 4 into the solenoid 1. 

Conduction and shutoff of the first field-effect 
transistor 5, the second field-effect transistor 7 for reverse 
connection protection, and the third field-effect transistor 
9 are controlledby switch control unit 11, and a control voltage 
for switching between conduction and shutoff is input from the 
switch control unit 11 to the gate of the field-effect transistor 
5, 7, 9. 

In such a solenoid drive circuit, if the battery 2 is 
reversely connected by mistake in such a manner that the minus 
terminal of thebattery 2 is connected to theplus line 3, assuming 
that the second field-effect transistor 7 for reverse connection 
protection does not exist, the electric current from the battery 
2 flows from the minus line 4 through the third parasitic diode 
10, the solenoid 1, and the first parasitic diode 6 into the 
plus line 3 and thus the electromagnetic valve erroneously 
operates as the solenoid 1 is energized. However, since the 
second field-effect transistor 7 for reverse connection 
protection includes in parallel the second parasitic diode 8 


for allowing the electric current flow from the first 
field-effect transistor 5 into the solenoid 1 is providedbetween 
the first field-effect transistor 5 and the solenoid 1, if the 
battery 2 is reversely connected by mistake, energizing of the 
5 solenoid is prevented in the presence of the second parasitic 
diode 8. 

To diagnose a failure of the second field-effect 
transistor 7, failure diagnosis switch unit 12 is provided 
between the drain of the second field-effect transistor 7 and 

10 • the plus terminal of the battery 2 . The failure diagnosis switch 
unit 12 includes a PNP transistor 13 having a collector connected 
viaa (first) resistor 22 between the plus terminal of the battery 
2 and the drain of the second field-effect transistor 7, (second) 
resistors 14 and 15 and an NPN transistor 16 connected in series 

15 between the plus terminal of the battery 2 and ground, and (third) 
resistors 17 and 18 connected in series between the switch 
control unit 11 and ground. The connection point of the 
resistors 14 and 15 is connected to the base of the PNP transistor 
13 and the connection point of the resistors 17 and 18 is connected 

20 to the base of the NPN transistor 16. 

In the failure diagnosis switch unit 12, as a high control 
signal is input from the switch control unit 11 to the base 
of the NPN transistor 16, the NPN transistor 16 is brought into 
conduction and accordingly the PNP transistor 13 is brought 

25 into conduction. 


The switch control unit 11 has a function of diagnosing 
a failure of the second field-effect transistor 7 based on the 
voltage between the first and second field-effect transistors 
5 and 7 and is connected via registers 19 and 20 connected in 
5 series between the first and second field-effect transistors 
5 and 7 . Both the registers 19 and 20 are grounded via a resistor 
21 . 

To diagnose a failure of the second field-effect 
transistor 7, the switch control unit 11 shuts off the first 
10 and third field-effect transistors 5 and 9 andbrings the failure 
diagnosis switch unit 12 into conduction and in this state, 
switches the second field-effect transistor 7 between 
conduction and shutoff. 

Here, if the second field-effect transistor 7 is switched 
15 between conduction and shutoff as shown in (b) of FIG. 2 with 
the failure diagnosis switch unit 12 brought into conduction 
as shown in (a) of FIG. 2, when the second field-effect transistor 
7 is normal, the diagnosis voltage between the first and second 
field-effect transistors 5 and 7 goes low at the shutoff time 
20 of the second field-effect transistor 7 and goes high at the 
conduction time as indicated by the solid line in (c) of FIG. 
2. 

In contrast, when the second field-effect transistor 7 
is off and fails, if the switch control unit 11 outputs a control 
25 signal for switching the second field-effect transistor 7 
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between conduction and shutoff, the diagnosis voltage between 
the first and second field-effect transistors 5 and 7 remains 
low as indicated by the dot and dash line, in (c) of FIG, 2. 
When the second field-effect transistor 7 is on and fails, if 
5 the switch control unit 11 outputs a control signal for switching 
the second field-effect transistor 7 between conduction and 
shutoff, the diagnosis voltage between the first and second 
field-effect transistors 5 and 7 remains high as indicated by 
the dotted line in (c) of FIG. 2. 

10 Thus, the diagnosis voltage between the first and second 

field-effect transistors 5 and 7 differs at the normal time 
of the second field-effect transistor 7, at the failure time 
of the second field-effect transistor 7 in the off state, and 
at the failure time of the second field-effect transistor 7 

15 in the on state, so that if the second field-effect transistor 
7 for reverse connection protection fails regardless of the 
on or off state, the switch control unit 11 can diagnose the 
failure of the second field-effect transistor 7. 

Although the embodiment of the present invention has been 

20 described, it is to be understood that the present invention 
is not limited to the described embodiment and the combination 
and arrangement of parts may be resorted to without departing 
from the spirit and the scope of the present invention as claimed. 
As described above, according to the present invention, 

25 if the second field-effect transistor 7 for reverse connection 
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protection fails regardless of the on or off state, the failure 
of the second field-effect transistor 7 can be diagnosed. 
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